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Abstract In antiquity, lead played an important role both
for the military and general public. Building construction,
in particular, consumed large amounts of this metal.
Nevertheless, the supply sources for lead during the Roman
Imperial period have not been satisfactorily accounted for.
The following paper aims to clarify the provenance of lead
artefacts from Roman military fortresses and camps located
to the east of the river Rhine in Germany as well as Roman
lead ingots whose inscriptions point to a production in
Germania. The time frame of both artefact types is
Augustan–Tiberian. In view of the archaeological and
historical findings pertaining to this period in Roman
history, it could be shown, using lead isotope data, that
not only were the military bases on the Rhine supplied
apparently with lead from the nonferrous ore deposits in the
northern Rhine Massif but also other parts of the empire
including, most probably, ancient Rome itself.
Keywords Roman . Lead . Ingots . Artefacts . Isotope .
Inscription . Provenance
Introduction
In contrast with the amount of attention paid by historians
and in ancient literary sources to precious metals, lead has
always stood in the shadow, even of copper, which was
also used for coinage. Lead does not possess such
attributes as a pleasing colour, high sheen, or exceptional
rigidity. Furthermore, lead develops an unsightly oxida-
tion layer after a short period of time and, because of its
weight, is not useful for the production of short-range
weapons. Even so, the exploitation of lead ores continu-
ally increased during the Copper, Bronze and Iron ages.
During this time, knowledge spread that the sought-after
precious metal silver could be extracted from molten lead.
There was an observable increase in consumption of
silver-bearing ore especially after the introduction of
silver coins during classical antiquity (Wagner and
Pernicka 1988).
The economical importance of lead changed during the
period of history dominated by the Roman world. The
increase in production of lead can be mostly traced back to
the immense demand for the metal in urban construction, a
use of lead that had begun in the Greek Archaic/Classical
times (Conophagos 1980; Hopper 1968). Due to its very
low melting point, lead was used in large quantities to coat
the iron brackets and anchors that held the stone blocks
together. It has been estimated, for example, that the
construction of the famous Porta Nigra in Trier (D) needed
seven tonnes of lead for this purpose (Schwinden 2001).
Additionally, buildings were covered with lead sheet, and
statues were set in their sockets with lead. The metal was
used, among others, for the production of pipes, containers,
sarcophagi, fillings, product labels, brine evaporation tanks
and slingshots. Ships also used lead for anchors, net
sinkers, for the manufacture of parts for the pumps or
M. Bode (*) :A. Hauptmann
Deutsches Bergbau-Museum Bochum,









Institute of Mineralogy and Central Laboratory of Geochronology
(ZLG), Westfälische Wilhelms-Universität Münster,
Corrensstraße 24,
48149 Münster, Germany
Archaeol Anthropol Sci (2009) 1:177–194
DOI 10.1007/s12520-009-0017-0
simply as ballast in the hold (Rosen and Galili 2007). The
average yearly consumption of the metal during Roman
times has been estimated to be between 80,000 and
100,000 tons (Nriagu 1996).
This study presents new results about Roman lead
production in Germania and the transport of lead in the
early Roman Imperial period (Augustan–Tiberian), which
has been obtained through close cooperation between
natural science and archaeology (Rothenhöfer 2003; Hanel
and Rothenhöfer 2005; Durali-Müller 2005; Körlin 2006;
Bode 2008).
Some remarks on the historical and archaeological
background
Two groups of artefacts are presented in this paper. The
first one is a collection of lead finds from Augustan
Roman military camps in Germania east of the river
Rhine, altogether c. 150 objects [lead isotope analyses
(LIA) s. Durali-Müller 2005; Bode 2008 (cf. Table 1)].
The second group comprises 145 Roman lead ingots
whose inscriptions and accompanying finds point to the
Augustan–Tiberian emperorship (Rothenhöfer 2005;
Hanel and Rothenhöfer 2005). In particular, the ingots
are marked with the addition “PLVMB(VM) GER(M
(ANICVM)” (v.i.), thus giving rise to the assumption that
they were produced in Roman Germania. In total, 11
ingots have been analysed for lead isotope composition
(LIA s. Trincherini et al. 2001; Bode 2008 (cf. Table 1,
LIA of the Roman lead ingot from Tongeren (B) (v.i.) will
be published soon).
The provenance study of the Roman lead artefacts
(Group 1) is concentrated in a narrow historical time frame
because the eastern part of Germania was under Roman
control for no more than two decades (9/8 BC to 9 AD). All
of the lead artefacts came from military camps, one civil
colony and one battlefield located in that region. However,
this temporal restriction is an advantage since, after the
retreat of the Roman legions, lead scrap was most probably
not recycled. Such recycling of “old” lead can be
particularly problematic for provenance studies of late
Roman metal objects.
It is not possible to exactly date the production of the
“PLVMBVM GERMANICVM” ingots (Group 2) to a
specific year or decade. More of interest here was to find
mines in Germania that could have supplied lead ingots for
the Roman world. They should have the same sources that
supplied the Roman troops stationed in Germania with lead
and thus, hopefully, aside from a new contribution to
supraregional transport within the Roman Empire, the
provenance of the Roman lead artefacts (Group 1) can be
verified.
Military campaigns of Augustus and Tiberius in Germania
It is not completely clear what prompted Augustus to rally
troops from Gaul to the Rhine during the second decade BC
and send them into enemy territory. It has been argued that,
in the long run, the Romans were aiming to create a new
province out of Germania (e.g. V. Schnurbein V. 2003; Eck
2004). The headquarters Vetera castra [Xanten (D)] and
Mogontiacum [Mainz (D)] were situated at the confluences
of the Rhine with the Lippe and Main rivers. Additional
troops were stationed in Bonn (D), Neuss (D) and
Nijmegen (NL).
During the first campaigns from 12 to 9/8 BC, which
were successful in the end, military camps were built east
of the Rhine on Germanic territory. A political tool used in
order to stabilise the situation was officially to ally
cooperative tribal leaders and award them Roman citizen-
ship. As under Caesar, Germanic tribes not only joined the
Roman army but also started a lively trade. But not all the
Germanic tribes lived in harmony with the Romans.
Rebellions followed from 1 AD to 5 AD that could only
be put down at great cost (Wiegels 2007), and in 9 AD,
Germanic tribes overpowered three legions in the Clades
Variana, which caused the retreat of the Romans from
almost all of Germania east of the Rhine and a break in the
political alliance with Rome. Notwithstanding, the contacts
between Rome and the Germanic tribes were not completely
interrupted. In reality, the cultural and economical influence
of the Roman settlements situated to the west of the Rhine,
which flourished in the years following the wars, exerted
more and more influence on the Germanic tribes to the east
of the Rhine. Without a doubt, Romans profited from the
import of Germanic products such as meat, grain, leather
wares and, probably, also lead (re Germanic lead traders s.
Melzer and Pfeffer 2007; Rothenhöfer 2007b; Bode et al.
2007).
Lead artefacts from the Romanmilitary camps east of the river
Rhine
Lead artefacts and casting debris from six military camps
(Hedemünden, Oberaden, Anreppen, Dorsten–Holsterhausen,
Haltern [Westphalia/Hesse (D)] and Dangstetten [Bavaria
(D)]), from the Roman civil colony Lahnau–Waldgirmes
[Hesse (D)] and from the battlefield of Kalkriese [Lower
Saxony (D)], probably the place of the famous Clades Variana
(v.s.), were sampled for LIA. Typologically identifiable finds
include lead weights, pipe fragments, plumbs and slingshots
(e.g., Aßkamp and Rudnick 2007); the majority was,
however, amorphous casting scrap.
With c. 150 lead objects, this group is exceptionally
large. Consequently, there is a good chance to identify the
lead ore deposits used by the Romans as long as they can
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be differentiated by their lead isotope ratios. Furthermore,
the data distribution of the lead objects overlapping the lead
ore data in the following lead isotope diagrams could also
give an indication of the quantity supplied by each of the
exploited ore deposits. Since the Roman camps of this
study were constructed either during or after the military
campaigns from 12 BC to 9/8 BC, it is quite possible that
the verifiably and assumedly exploited ore bodies situated
in the subsequently occupied Germanic territory east of the
Rhine [i.e., Bensberg district and Brilon district (v.i.)] can
be identified using not only archaeological but also
scientific methods.
Roman lead ingots and their meaning for the historical
sciences
Knowledge about the localization of Roman mines is only
partially based on information from literary sources. The
ancient textual evidence says little or nothing about mining
activities. For example, in Germania, preserved vestiges
from the mines rarely lead to a profound understanding of
the size, duration and intensity of the metal production in a
single mining district. More useful information may derive
from metal, in particular, from the massive lead ingots that
are found in large numbers in the area of the Roman
Empire. Presently, between 2,000 and 3,000 examples are
known throughout the Mediterranean and beyond. Many of
these ingots have inscriptions which were made during their
production and usually reveal information about, e.g., the
manager of the mine, provenance or quality of the metal
itself.
The “PLVMBVM GERMANICVM”-ingots
Currently, there are 145 Roman lead ingots known that,
according to their inscriptions (and accompanying finds),
should have been produced in Augustan–Tiberian
Germania (Rothenhöfer 2003; Rothenhöfer 2005; Hanel
and Rothenhöfer 2005). Most of them, namely 142
examples, were discovered in two Roman shipwrecks in
the Mediterranean (Long and Domergue 1995; Riccardi
and Genovesi 2002). Three additional ingots come from
Southern France, Belgium (not published yet) and
Germany (Schulten 1917; Benoit 1958; Laubenheimer-
Leenhardt 1973).
In the Rhône delta near Saintes–Maries–de–la–Mer (F),
99 lead ingots (with a total weight of 5.5 tonnes) were
recovered from a Roman shipwreck (Long and Domergue
1995). From the cast inscriptions and stamps (L·FL·VERV,
L·FL·VE), it was possible to attribute the ingots to a
previously unknown manufacturer with the name Lucius
Flavius Verucla (Fig. 1). On eight ingots of this load, the
inscriptions not only contain detailed information about the
name of the manufacturer but also, most probably, about
the provenance of the lead: [.] FLAVI VERVCLAE
PLVMB(um) GERM(anicum) (Rothenhöfer 2003). Many
of these lead ingots were additionally marked with IMP
(eratoris) CAES(aris), which means that these ingots were
property of the Caesar and can be seen as a tribute from the
leaseholder to the owner of the mine (Rothenhöfer 2003).
Accordingly, there should have been imperial mining
districts within Germania. This hypothesis is supported by
the discovery of more “PLVMBVM GERMANICVM”-
ingots. As part of the cargo from a shipwreck near Rena
Maiore (I), 42 lead ingots (with a weight of 2.7 tonnes)
with the inscription AVGVSTI CAESARIS GERMA-
NICVM were recovered (Fig. 1). Apparently, these ingots
were also produced in Germania and came from an imperial
Augustan mine (Hanel and Rothenhöfer 2005). Lucius
Flavius Verucla was possibly active during the same period;
the surface find of an ingot fragment from his production,
which was found at Bad Sassendorf–Heppen (Westphalia)
in the temporarily conquered eastern Germania (Schulten
1917), argues for such a concurrent time frame
(Rothenhöfer 2003). In total, eight of Veruclas' lead ingots
and one of the 42 lead ingots from Rena Maiore were
selected for LIA by Trincherini et al. (2001) and Bode
(2008; cf. Table 1).
Fig. 1 Three “PLVMBVM GERMANICVM”-ingots from different
localities. Above: Example of the 42 AVGVSTI CAESARIS
GERMANICVM-ingots from a shipwreck near Rena Maiore (I; Photo
A. Hauptmann). Middle: Roman lead ingot from Tongeren (B) with
inscription IMP TI CAESARIS AVG GERM TEC (Photo M. Bode,
© Provinciaal Gallo-RomeinsMuseum, Tongeren).Below: Example of the
99 Roman lead ingots from a shipwreck near Saintes–Maries–de–la–Mer
(F) with inscription FLAVI VERVCLAE PLVMB GERM (Photo
Reineke 2008)
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As ide f r om the 42 AVGVSTI CAESARIS
GERMANICVM-ingots another lead ingot (with a weight of
c. 80 kg) with a manufacturer's mark was retrieved from the
wreck at Rena Maiore (Riccardi and Genovesi 2002). The
example was stamped twice with the mark PVDENTIS
GERM(anicum), thereby seemingly making known another
entrepreneur active in Augustan Germania (Hanel and
Rothenhöfer 2005). In 2002, a small lead fragment with a
similar marking (Pudens) was found in the historical mining
district at Brilon (Brilon district, Sauerland, v.i.) inside a not
exactly datable find-spot from the early Roman Imperial
period where lead was processed (Hanel and Rothenhöfer
2005). In view of the relative rarity of this name in Germania
and its relation to lead, it is possible that the person referred
to on both examples is one and the same. The result of LIA
carried out on the lead fragment shows that the metal could
have been produced from lead ores around Brilon (Bode
et al. 2007; Bode 2008); the same could also hold true for the
PVDENTIS GERM(anicum)-lead ingot.
A lead ingot from Tongeren (B), the civitas capital of
the Tungri, also provides important information (Fig. 1).
The inscription IMP TI CAESARIS AVG GERM TEC
points to an imperial ownership of a mine and lead
production in Germania: since Tiberius is named, a
surname of Germanicus can be excluded, and therefore,
GERM obviously refers to Germanicum. Lead isotope data
of the ingot is not presented in this paper but are plotted
together with the other “PLVMBVM GERMANICVM”-
ingots in Fig. 6.
Another lead ingot weighing 66 kg was discovered in the
Mediterranean at the Rhône delta near Fos (F) (Benoit
1958; Laubenheimer-Leenhardt 1973). Imprinted on its
back is SOCIORVM PLVMB(um) GER(manicum).
According to the inscription, public contractors had leased
a concession for lead production in Germania (Rothenhöfer
2005). The design of the inscription points to an Augustan
date or at least to the early Imperial period (pers. comm. Dr.
P. Rothenhöfer, Deutsches Archäologisches Institut
Munich, Commission of Ancient History and Epigraphy).
LIA of this ingot is presented in Table 1 and plotted
together with the other “PLVMBVM GERMANICVM”-
ingots in Fig. 6.
The Roman mines under Augustus and Tiberius
in Germania
The strategic wars led by Rome were, in part, certainly
caused by the search for sources of raw materials. Similarly,
with the conquest of the Iberian Peninsula, Gaul, Britain,
Dalmatia, Dacia, Macedonia, Thrace, Asia Minor and
Egypt, the Romans gained access to all of the known ore
deposits in the Old World.
The Iberian Peninsula, with the two major ore districts of
Cartagena–Mazzarón and the Sierra Morena (Domergue
1987; 1990; Meier 1995), was the most important area for
lead production in the Roman Republic. Starting in
Augustan times, mines in the Balkans also produced lead
but probably in minor quantities (Meier 1995; Genovesi
2006, no lead isotope data available). Lead ore deposits,
which soonest could have served the Roman civilization
with greater amounts of lead, were located in southern
France and Sardinia. But, as in many historical mining
regions, younger activities overprinted the old ones so that
the exact role of southern France and Sardinia in Roman
lead supply cannot be clarified by the archaeological
record alone (cf. Davies 1935; Nriagu 1983; de Martino
1985; Begemann and Schmitt-Strecker 1994; Meier 1995;
Trincherini et al. 2001).
Previous provenance studies have shown that in
Roman Germania, beginning with the military occupation
of the Rhineland and probably up to the 4th and 5th
centuries, ore deposits in the northern Eifel provided lead
at least for regional purposes (Gottschalk and Baumann
2001; Durali-Müller 2005; Rothenhöfer 2007a). The
present paper expands those studies to other mining
districts in the Sauerland (Brilon district) and in the
Bergische Land (Bensberg district), east of the river Rhine
in North-Rhine Westphalia (cf. Bode et al. 2007; Bode
2008).
“Mechernicher Bleiberg” (Northern Eifel)
The most important Roman lead ore district in this area lies
between Mechernich–Kommern and Kall–Keldenich, within
the so-called Mechernich Triassic Triangle. The impulse to
exploit the ore body can most likely be traced back to the
construction of the road between Trier (D) and Neuss (D) in
the early 2nd century BC. Sherds of Ubian Quinares coins
(type Scheer 57 II) from the 2nd decade BC were found in the
mining dumps and shafts near Kall–Keldenich and present a
datable period of mining activity (Rothenhöfer 2005). The
near-surface mineralization is known as the “Mechernicher
Bleiberg” (Fig. 2). It contains silver-poor galena and sphalerite
(Schalich et al. 1986). Archaeological finds which prove
Roman activities there include extensive tailings of washed-
out sand and mining trenches as well as troughs, clay and lead
lamps, clay piping and wooden gutters (Davies 1935;
Petrikovits v. 1958; Schalich et al. 1986; Wegener 1994).
Aachen–Stolberg district (Northern Eifel)
The oldest ceramics and coins from this historical mining
district can be found at the “Schlangenberg” southeast
from Aachen and date to the 1st quarter of the 1st
century AD (Fig. 2). Additionally, some pieces of lead
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casting, a lead weight and remains of galena were found
there that, along with the ceramics and coins, mark the
beginning of the mining activities (Löhr and Zedelius
1980). Old pits, collapsed shafts and adits in the vicinity of
the “Schlangenberg” are also clear indications of Roman
mining (Davies 1935; Löhr and Zedelius 1980; Horn
1987).
Bensberg district (Bergische Land)
Lead mining was also practised in the Bergische Land,
which lies across from Cologne on the opposite bank
of the Rhine. In contrast to other parts of Germania east
of the Rhine, this area was still under Roman control
after the defeat of Varus in 9 AD (Clades Variana, v.s.).
Evidence for lead smelting can be found in at least three
places in the Bergische Land (cf. Rothenhöfer 2005). The
most intensively investigated mine is the “Lüderich” mine
of the Bensberg district (Fig. 2) where Roman soldiers
produced lead and silver during the first two decades AD
(Körlin 2006). Lead isotope data only exist for the
“Lüderich” mine (galena, lead objects, slag, litharge;
Bielicki and Tischendorf 1991; Zwicker et al. 1991; Bode
2008).
Brilon district (Sauerland)
In the Brilon mining district, there is only indirect
evidence for Roman lead production during the period
between 9/8 BC and 9 AD (Fig. 2). Smelting slags that
can be found in several places are currently not
sufficiently dated and classified and hence, cannot be
used to confirm or deny this hypothesis. The research
there is still in its initial stages, thus the find of a piece of
lead with a Roman name (Pudens) scratched into its
surface is especially interesting. The same name was also
found on an Augustan lead ingot [PVDENTIS GERM
(anicum)] from a shipwreck off the Sardinian coast (Rena
Maiore) (v.s.).
Evidence for Germanic lead ore mining, which most
likely began in the Brilon district during the course of
the 1st century AD, is met with similar difficulties. In
spite of numerous lead finds and Germanic lead ingots
in native settlements, there are no known smelting sites
though LIA have shown that all the lead could have
quite possibly come from around Brilon (Bode et al.
2007; Bode 2008). That there is no known native
Germanic lead production in pre-Roman times or
during Roman occupation reinforces the assumption
that the Romans rather than the Germanic tribes
initiated lead ore mining in the Sauerland (Rothenhöfer
2007b).
Lead isotope analysis in archaeometry
For provenance studies of metals, a possibility for compar-
ison, a “fingerprint”, is needed that can be clearly traced
Fig. 2 Metallogenic map of the
Rhine Massif with its metal ore
deposits right and left of the
river Rhine (modified after
Jochum 2000). The ancient lead
ore deposits mentioned in the
text (turquoise patterned) are
located in the northern part.
The Pb–Zn-ores of the Brilon
district are of epigenetic origin,
Bensberg and Aachen–Stolberg
districts house hydrothermal
Pb–Zn-veins and the ores of
“Mechernicher Bleiberg” mostly
are of submarine “exhalative”
origin. The Brilon and the
Bensberg districts are part of
the left side of Germania. Red
squares represent early Rhine
camps. The military campaigns
principally started along the
corridors of the rivers Lippe
(north of the Ruhr area) and
Main (south of the Taunus
region (not part of this map)
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from the ore to the metal. This is mainly done by using the
isotope composition of higher-ordered chemical elements,
which isotopes have only small relative mass differences.
Fractionation, i.e., a shift in the isotope composition from
conversion processes such as weathering or smelting is not
to be expected in such isotope systems. The element lead,
with its four stable isotopes 204Pb, 206Pb, 207Pb and 208Pb,
is especially suitable (cf. Gale and Stos-Gale 2000). Since
most of the ores are nearly free of uranium and thorium, the
mother isotopes of radiogenic lead (206Pb, 207Pb and 208Pb),
the lead isotope composition of the ores is fixed at the time
of deposition and depends to first order on the time of ore
formation. Especially for lead ores, uranium and thorium
contents are insignificant. That is why lead isotopes in ore
minerals vary within broader boundaries than is the case for
most other chemical elements and their isotopes. Therefore,
measurable differences between metal objects or ore bodies
are especially expected for lead in contrast to other
elements that have very constant isotopic compositions.
Additionally, all significant metals that were used in
antiquity contain at least a trace of lead whilst it has been
proved by direct experiment that lead isotope compositions
are not fractionated by such processes as smelting,
cupellation, fire refining, etc. (Gale and Stos-Gale 1996).
Notwithstanding, lead isotope analysis is a procedure of
exclusion, i.e., a safe assignment of a metal supply area just
by LIA is, at last, not attainable. What can be determined
with certainty is which ore body does not come into
question as a supply area. This is due to the fact that several
ore bodies from different localities but of similar age may
have indistinguishable lead isotope compositions. Convincing
results in provenance investigation of metals are those where
LIA and archaeology point to the same mining area.
Generally, a comparison between ore and metal is not
only possible for lead itself but also for copper, iron, gold
and all materials which contain lead in traces. This is,
however, invalid as soon as an object contains recycled
scrap metal of different origin. The problem with alloys
mixed from two or more components is that all of the
individual components can contribute to the lead present in
the end product. An exception is very lead-poor tin in
ancient bronze (Begemann and Schmitt-Strecker 2008).
The chemical digestion of lead metal and lead ore for
lead isotope analysis is comparatively easy. In this study,
lead isotope ratios of c. 100 Roman lead objects (including
four “PLVMBVM GERMANICVM”-ingots) and c. 50
galena samples were analysed at the Institute of Mineral-
ogy, Westfälische Wilhelms-Universität, with a thermal
ionization mass spectrometer [VG Sector 54; cf. Bode
2008, LIA cf. Table 1 (metal) and Table 2 (galena)]. A
small amount of each sample (3 mg) was converted into
PbCl using 6 n HCl (30-ppm solution). One microliter of
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silica gel loading technique (Cameron et al. 1969). External
reproducibility (standard deviation) and internal mass
fractionation corrections of the isotopes were calculated
with the standard NBS 982 (cf. Bode 2008). The other
Roman lead objects discussed in this study (c. 50 objects)
were measured at the Institute of Mineralogy in Frankfurt,
with a multi-collector inductively coupled plasma–mass
Spectrometer (Neptune-Finnigan; cf. Durali-Müller 2005).
A few milligrammes of lead were dissolved in 2 n HNO3,
evaporated and diluted with 2% HNO3 (500 ppb lead
solution). A 50 ppb Tl standard was added for monitoring
internal fractionation, and the reproducibility was checked
using the standard SRM-981.
Following conventions established in archaeometallurgy,
the lead isotope compositions of ores and metal artefacts
are plotted in binary diagrams using different lead isotopes
normalised to 206Pb. When lead isotope ratios of an ore
body and of metal objects coincide, then the ore can be
considered as a possible source. When this is not the case,
then the ore body can be excluded, at least, as the only
source, because lead isotope ratios of metals can also lie on
mixing or joining lines between two ore bodies. Depending
on the position along this line, it is possible to calculate the
mixture ratio for lead samples. This does not hold true for
other metal objects since copper or iron ores can contain
different amounts of lead. When an object contains lead
from more than two sources, then the isotope ratio data
points will lie within a polygon stretched between the
different ore bodies.
Comparison of lead isotope ratios from lead objects
of Roman military encampments east of the river Rhine
and potential ore bodies in Greece, France, Italy, Spain
and Germania
Next to the mining districts in Germania and the Iberian
Peninsula mentioned above, some other Roman mining
districts are of particular interest for our provenance study,
namely, mineralisations and ore bodies in southern France
(Cévennes, Montagne Noir), Italy (Sardinia, Tuscany) and
in Greece (Laurion) (references s. Table 3).
Starting with a comparison of the Roman lead objects
with lead ore deposits in Greece, France and Italy, it
becomes obvious that parts of the artefacts do overlap with
lead isotope data of galena from France and Italy in both
diagrams (Fig. 3). Greece should be excluded as a possible
source for the Roman lead objects. A few finds match with
galena from Tuscany in both diagrams. Those galenas could
also be part of “mixed” lead objects right of the Tuscany
Fig. 3 Lead isotope ratios
of Roman lead objects from
Augustan military camps and
the battlefield near Kalkriese in
the eastern part of Germania
plotted in the diagrams 204Pb/
206Pb vs. 207Pb/206Pb and
207Pb/206Pb vs. 208Pb/206Pb.
For comparison, LIA of galena
from potential lead ore mining
districts in Greece, France and
Italy are added (references s.
Table 3). LIA of the lead objects
were made by Durali-Müller
(2005) and Bode (2008) (cf.
Table 1). 2σ-error bars refer to
Roman lead objects analysed by
Bode (2008)
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lead ore data field. Although hints for Roman mining
activities in Tuscany are missing, it should not be excluded
in principle there (pers. comm. Dott.ssa. L. Dallai,
Dipartimento di Archeologia e Storia delle Arti, University
of Siena). Altogether, lead isotope data of multiple lead
objects could be explained by the use of Sardinian, Tuscan
or French lead ores, but a convincing correlation with the
great clusters of the lead objects in the central part of the
diagrams is missing.
In the next step, LIA of the Roman lead objects are
plotted against galena data from the important Roman
mines in the southern Iberian Peninsula (Fig. 4). In
principle, by LIA, all the analysed Roman republican lead
ingots from different localities could come either from the
Sierra Morena or the Southeast of Spain (e.g., Cartagena–
Mazzarón; for references s. Table 3). Similar to Fig. 3, only
a minor amount of Roman lead objects do overlap with the
ore data or can be explained by a mixing process. Like
Tuscan galena data, galena from Cartagena–Mazzarón
convincingly matches with a few objects on the left side of
both diagrams. The lead of objects with higher 208Pb/206Pb
values than the majority in the middle of the diagrams
could come from mining sites at Linares–La Carolina or
Los Pedroches in the Sierra Morena or could be composed
of lead from ores around Cartagena–Mazzarón and
Linares–La Carolina. The large distribution of lead ore
data from Alcudia–Sierra Madrona and Azuaga–Fuente
Obejuna to the right side of both diagrams is not
compatible with the distribution of the lead object data.
But obviously, the main part of the objects has a different
origin, which could be the early Roman mining sites in
Germania.
Although, with no doubt, lead of a certain number of
Roman lead objects could, in principle, come from mines in
southern France or Italy, we tend to focus on the Spanish
lead ore deposits in the following discussion as the second
probable lead source next to the German ones. Contrary to
France and Italy, in Spain, we have convincing archaeo-
logical records for extensive mining and export of lead for
the time frame discussed in this paper.
In Fig. 5, Spanish lead ore data is reduced to the best
matching lead ore deposits with the objects, namely from
Cartagena–Mazzarón in the Southeast of Spain and Los
Pedroches and Linares–La Carolina in the Sierra Morena.
Here, Roman lead objects from Germania are divided into
those from camps of the time of the military campaigns (12
BC to 9/8 BC) and from camps built after the conquest of
the territory right of the river Rhine (9/8 BC to 9 AD). For
Fig. 4 Lead isotope ratios
of Roman lead objects from
Augustan military camps and
the battlefield near Kalkriese in
the eastern part of Germania
plotted in the diagrams 204Pb/
206Pb vs. 207Pb/206Pb and
207Pb/206Pb vs. 208Pb/206Pb.
For comparison, LIA of galena
from potential lead ore mining
districts in the southern Iberian
Peninsula are added (references
s. Table 3). LIA of the lead
objects were made by Durali-
Müller (2005) and Bode (2008)
(cf. Table 1). 2σ-error bars refer
to Roman lead objects analysed
by Bode (2008) (SM: Sierra
Morena)
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the artefacts of the “early” camps in Germania (dark blue
diamonds) only lead ore deposits of the “Mechernicher
Bleiberg” in the northern Eifel come into question as
German lead source. In fact, the lead of all these objects
principally could come from the “Mechernicher Bleiberg”
and for a very few from Spain. Those few lead objects
show isotope signatures that could have been derived from
ores of the Sierra Morena alone (Linares–La Carolina, Los
Pedroches) or probably with a fraction of lead from
Cartagena–Mazzarón.
For the artefacts of the camps, which were built after the
military campaigns (bright blue diamonds), lead could also
have been smelted at the mining sites in the newly
conquered area right of the river Rhine. In fact, the lead
of the objects in the right part of the both diagrams
obviously was produced in the Bensberg district in the
Bergische Land. Or, for objects with slightly lower
207Pb/206Pb values, lead from there is partly incorporated
into the artefacts. Here, more galena analyses would be
useful. The Brilon district (Sauerland) where we have
indirect hints for Roman lead ore mining in Augustan time,
certainly could be a further lead source at this time, but,
unfortunately, lead isotope data from galena of both the
northern Eifel mining districts and the Brilon district are
indistinguishable. The same holds true for the trace element
contents (cf. Bode 2008). That four lead objects apparently
are of lead from Cartagena–Mazzarón and several objects
mixed with this lead (left of the Sauerland/Eifel galena data
field) could be an indication that still after the conquest of
Germania, Spanish lead was brought to the Rhine camps to
assure the lead supply for the legions.
Lead sources of “PLVMBVM GERMANICVM”-ingots
Figure 6 shows that the lead ingots from the Roman
Republican period, the “PLVMBVM GERMANICVM”-
ingots and the Roman lead ingot from the legio XIX found
at Haltern, most probably have the same sources as the
Roman lead artefacts from the military camps east of the
Rhine. Although some of the Roman Republican ingots on
the left side of the diagrams do not overlap with galena data
from Cartagena–Mazzarón, all of them could, in principle,
come from Southeast Spain. As expected, the lead isotope
ratios of the ingots, which normally have been cast directly
at the mining sites, do not lie on mixing lines between the
Spanish and German lead isotope fields of galena and so,
are valid provenance indicators.
Fig. 5 Lead isotope ratios
of Roman lead objects from
Augustan military camps and
the battlefield near Kalkriese in
the eastern part of Germania
plotted in the diagrams 204Pb/
206Pb vs. 207Pb/206Pb and
207Pb/206Pb vs. 208Pb/206Pb.
Roman lead objects are divided
in two groups. One group is
built up by objects of camps
from the time of the military
campaigns (12 BC to 9/8 BC),
the other group by objects of
camps after the conquest of
the territory right of the river
Rhine (9/8 BC to 9 AD). For
comparison, LIA of galena
from potential lead ore mining
districts in the southern Iberian
Peninsula and in Germania are
added (cf. Table 2, references s.
Table 3). LIA of the lead objects
were made by Durali-Müller
(2005) and Bode (2008)
(cf. Table 1). 2σ-error bars
refer to Roman lead objects
and galena analysed by Bode
(2008) (SM: Sierra Morena)
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The “PLVMBVM GERMANICVM”-ingots clearly
match the Brilon mining district but are also identical with
ores from the northern Eifel district. Combined epigraphic
investigations carried out on the ingots (Rothenhöfer 2003;
Hanel and Rothenhöfer 2005) as well as the evidences for
early Roman mining activities in the northern Rhine Massif
(v.s.) thus make the source of the lead in Germania very
likely. If the Brilon mining district was also a production
area for the export of lead is open to discussion, as
archaeological evidence is still lacking. Following Figs. 3,
4, 5, and 6, it is very likely that not only the lead mines of
the Iberian Peninsula (and later those in Britain from 43 AD
onwards) but also those in Germania played an important
role in the supraregional metal supply. The lead produced in
Germania was not only used for the military camps and
settlements in the Rhineland but also for other cities in the
Roman Empire especially Rome itself.
Conclusion
The distribution of the Roman lead finds in the isotope
diagrams shows characteristic clusters exactly where the
Augustan–Tiberian lead ore deposits of Germania (Northern
Eifel, Sauerland, Bergische Land) are located. This indicates
that the majority of the lead was locally produced, and
import of Spanish lead quickly became superfluous. A
significant amount of finds from the later camps lie on
mixing lines between the different German ore deposits.
Note that lead from the single camps did not come from just
one German ore deposit (s. Bode 2008). It should be tied to
the fact that the lead supply for the Roman troops was
centrally distributed, probably from a depot on the Rhine.
Since lead ores from the Brilon mining district in the
Sauerland cannot be geochemically differentiated from
those in the northern Eifel, it is not possible by LIA (and
trace element comparison) to determine the role this district
played in lead supply after the military campaigns.
Since all analysed “PLVMBVM GERMANICVM”-
ingots can be dated to the Augustan–Tiberian time
(Rothenhöfer 2003; Hanel and Rothenhöfer 2005), it can
be assumed, together with the provenance study in this
paper, that the lead deposits in Germania most probably
were of supraregional importance, at least, for that time
span. This is supported by the knowledge that the
previously prominent mining districts in southern Spain
apparently had slowly begun to lose their economical
importance from the 1st century onwards, and the commu-
Fig. 6 Lead isotope ratios of
Roman Republican lead ingots
(references s. Table 3),
“PLVMBVMGERMANICVM”-
ingots (cf. Table 1, references
s. Table 3) and the Roman lead
ingot from Haltern (D; cf.
Table 1, D-137/21) plotted in
the diagrams 204Pb/206Pb vs.
207Pb/206Pb and 207Pb/206Pb
vs. 208Pb/206Pb. For comparison,
LIA of galena from potential lead
ore mining districts in the southern
Iberian Peninsula and in Germania
are added (cf. Table 2, references
s. Table 3). 2σ-error bars refer
to Roman lead ingots and
galena analysed by Bode
(2008). (SM: Sierra Morena)
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nities there had begun to switch over to a more agricultural
basis (Wiegels 1977; Orejas and Sánchez-Palencia 2002).
Evidence for supraregional export of lead from the
Bergische Land is still missing, since, at present, no
“PLVMBVM GERMANICVM”-ingots have appropriate
characteristic lead isotopic compositions.
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